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Abstract

The aim of this paper is twofold. On the one hand, to study the local repre-
sentations of d-connections, d-torsions and d-curvatures with respect to adapted
bases produced by a nonlinear connection I' on the jet fibre bundle of order one
JY(T,M) = T x M. On the other hand, to open the problem of prolongations
of tensors and connections from a product of two manifolds to 1-jet fibre bundle
associated to these manifolds.

Section 2 defines the I'-linear connection on J'(T, M), and determines its
nine local components. Section 3 studies the main twelve components of torsion
d-tensor field, and Section 4 describes the eighteen components of curvature
d-tensor field, induced by the I'-linear connection. Section 5 introduce the de-
flection d-tensors, and, using the Ricci identities, describes the relations that
they must satisfy. Section 6 studies the problem of prolongation of vector fields
from T x M to 1-jet space J* (T, M).
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1 Introduction

It is well known the jet fibre bundle of order one J(T, M) — T x M is a basic object
in the study of classical and quantum fields [6]. For that reason, many researchers
were studying the differential geometry of this space, in the sense of connections,
torsions and curvatures. In this direction, the book [7] developes the geometry of
jet fibre bundles of arbitrary orders, which is characterized by a global approach of
geometrical objects that are involved. In other way, using as a pattern the geometrical
methods from the theory of Lagrange spaces, the book [2] studies the geometry of the
particular jet fibre bundle J'(IR, M) = IR x TM — M, in the sense of d-connections,
d-torsions and d-curvatures. Also, some interesting geometrical aspects of the jet fibre
bundle J'(R, M) = IR x TM — IR x M are exposed in [9].
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Extending geometrical results from [2] and [9], and using Lagrangian geometrical
methods, our paper analyses the particular local features of the geometrical objects
on 1-jet fibre bundle J'(T, M), produced by a nonlinear connection. This study was
imposed by the construction of the contravariant geometrization of multi-time La-
grangians [5], required by important physical domains: theory of bosonic strings [1]
or elasticity [6]. At the same time, the authors believe that differential geometry of
1-jet bundles is a very fruitful domain of mathematics, not only because this geometry
allows a clear insight to mathematical physics concepts, but also provides many new
ideas, suitable for the geometrical theory of PDEs [8].

2 Components of I'-linear connections on J(T, M)

Let us consider T (resp. M) a ”temporal ” (resp. ”spatial ”) manifold of dimen-
sion p (resp. n), coordinated by (¢*),_i7 (vesp. (2%),_13). Let J'(T,M) — T x
M be the jet fibre bundle of order one associated to these manifolds. The bun-
dle of configurations J'(T, M) has the coordinates (t*,z¢ x!), where a = 1,p
and i = 1,n. Note that, throughout this paper, the indices «,(,~,... run from
1 to p, and the indices i, j, k, ... run from 1 to n.

Let us fix a nonlinear connection I' on E = JY(T, M), defined by the temporal

components M, ((2) 3

local components of the nonlinear connection I' are expressed by [4]

and the spatial components N, ((;))j. The transformation rules of the
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Let {&ia, %, %} C X(E) and {dt*,dz",éz%,} C X*(E) be the dual adapted

bases produced by the nonlinear connection I' = (M (((i)) 5 N((i)) j), via the formulas
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These bases are suitable for the description of geometrical objects on E, because their
transformation laws have the following simple form [4]:
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In order to develope the theory of I-linear connections on E = J*(T, M), we need
the following
Proposition 2.1 i) The Lie algebra X(E) of vector fields decomposes as
X(E)=XHr) e X(Hm) & X(V),

where

X(Hr) = Span {5%} . X(Har) = Span {%} . X(V) = Span { aig } .

ii) The Lie algebra X*(E) of covector fields decomposes as
X*(E)=X"(Hr) ® X*(Hm) ® X*(V),
where
X*(Hr) = Span{dt®}, X*(Hu) = Span{dz'}, X*(V) = Span{sz’}.

Let us consider hr, has (horizontal) and v (vertical) as the canonical projections
of the above decompositions. In this context, we have

Corollary 2.2 i) Any vector field X can be written in the form
X =hrX +hyX +0vX.
ii) Any covector field w can be written in the form
w = hrw + hyw + vw.

Definition 2.1 A linear connection V : X(E) x X(E) — X(E) is called a I'-linear
connection on E if Vhy =0, Vhy; =0 and Vv = 0.

In order to describe, in local terms, a I'-linear connection V on E, we need nine
unique local components,

_ (o k (Z)(B) T k
(24) VI =(Gg,, Gy, G L%, Lijs Liaygywr Gy Ciey o

DB Aa() ) A
iv Gl L Comy» Citky > Clayiiyin)

(k)

)

which are defined by the relations
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b -, 0 b 0 0 e O
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W) Vao-rocd g, e g 0 amem 9
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0

—,—,— ¢, together with the prop-
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The transformation laws of the elements {

erties of the I'-linear connection V, imply



32 M. Neagu and C. Udrigte

Theorem 2.3 i) The components of the I'-linear connection V modify by the rules
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ii) Conversely, to give a T-linear connection V on the 1-jet space E is equivalent
to give a set of nine local components (2.4), whose local transformations laws are
described in 1.

Using Theorem 2.3, we can construct a natural and interesting example of [-linear
connection on the 1-jet space F.

Example 2.1 Suppose that hqg(t) (resp. p;;(x)) is a pseudo-Riemannian metric on T
(vesp. M). We denote H_ ; (resp. 'yf]) the Christoffel symbols of the metric hqops (resp.
vi;). The canonical nonlinear connection I'y associated to these metrics is defined by
the local components [4]

() _ el (4)
(2.5) M ;=—-H va v Niwy; %m .
In this context, using the well known local transformation rules of the Christoffel
symbols H“Y/8 and 7;:,6 and setting

«,

G(k (5) __5kH5 Lk — Ak L(k)(ﬁ) — 5B~k

(26)  Go5=Has, Giy ay o+ Lap =Yg Ty = 9%

we conclude that the set of local components

BFO — (H’Y G(k (5) (kg
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B
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defines a I'p-linear connection. This is called the Berwald connection attached to the
pair of metrics (hag, pij).
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Remark 2.1 In the particular case (T,h) = (IR,0), the Berwald connection is a
natural generalization of the canonical nonlinear connection induced by the spray
2G¢ = 7;:kyjyk, from the classical theory of Lagrange spaces. For more details, the
reader is invited to consult [2], [4].

Now, let V be a I'-linear connection on E, locally defined by (2.4). The linear
connection V induces a natural linear connection on the d-tensors set of the jet fibre
bundle E = JY(T, M), in the following fashion: starting with a vector field X and a
d-tensor field D locally expressed by

Cead 5 im0
X=X T e T ) e

ai(j)(8)... 0 g 9
D= D*yk(ﬁ)() (Sto‘ ® — P ®6—J®dtry®d$ ®(5£E5 5

we introduce the covariant derivative

B (p) _ @i(4)(9)
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Djli((g)(fl))'-'-'-\p + X((p)) 32&3) i |(6)} 5ta 5(; ® 6%{3 ®dt" @ da* @ éxf . ..,
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( pei@. 59%(:53)3)) + DEO Ga
(o) DS Gine + D0 G -+
=Dl Ghe = Dty Gl = Dyt Giiis =+
( Do 5DQ;Z;>(3)) + DEO Lo
(har) DI L+ DG LBy + - =
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r i3)()..
e
O o D R .
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Definition 2.2 The local operators ”,.”, 7|,” or ”|(Eg” are called the T-horizontal
covariant derivative, M -horizontal covariant derivative or vertical covariant derivative
or hr-, hyr- and v- covariant derivatives of the I'-linear connection V.
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Remarks 2.2 i) In the particular case of a function f(t”,a:’“,a:’;) on JY(T, M), the
above covariant derivatives reduce to

_of Of k) Of
f/s— ﬁ = %_M(V)Ea—m,’j’
Of _Of _ yw OF
SzP 83:1’ (7)1’8:5’; ’

5f

(2.7) fip =

A1)

ii) Particularly, starting with a d-vector field D = Y on J* (T, M), locally expressed
by

o 0 i 5 (i) 0
the following expressions of above covariant derivatives hold good:
( a 6Ya ale
Y/E = 6t5 +YHG,U5
sy
(hr) { Y. = A LYTGE
) ! :
(G _ (¥ (m) ~(3) (1)
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( oy« =
Ig = SzP +Y”Lgp
. JY? i
(ha)  { Vi =5 + Y " Ling
(4) oY ((; (m) 7 (1) (1)
i a m i) (e
Y = 5pp T Y0 Liayimip
vl %Y,, +yrCe)
) _ oY
(v) Yo = 507 YO0
()
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iii) The local covariant derivatives associated to the Berwald I'p-linear connection,
” ||(5) ” .

bX)

will be denoted by ” /..”, ”,” and

Denoting by ”.4” one of local covariant derivatives ”,.”,”,” or ” |E ) > we easily

deduce

Proposition 2.4 If D and F are two d-tensor fields on E, then the following
statements hold good:

i) D 4 are the components of a new d-tensor field;

i) (D + F)a =Dy + Frigg
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iii) (D @F ) a=Dry@F + D @F
iv) The operator ”.4”7 commutes with the contraction operation.

3 Components of d-torsion on J}(T', M)

Let us consider a [-linear connection V on E = J'(T, M), defined by the local
components (2.4). Obviously, the torsion d-tensor field associated to V is

T: X(E) x X(E) - X(E), T(X,Y)=VxY -VyX —[X,Y], VX,Y € X(E).

To characterize locally the torsion d-tensor T of the connection V, we need the
next

Proposition 3.1 The following bracket identities are true:

0 i] _pm 90 [0 i} _gm 9
| 6t 6t (k)aB dxm ’ |6t dxd (k)i dxm ’
K i] _OMf, 0 [ 5]
0t gl | oxd, Oap (0wt Sxd | T T WE Gy
Kl i]_%i K2 i]_o
_5$i,6xg B 6:6% Oz’ _5553,3:6% -

where M((:)L()x and N((Sz are the local components of the nonlinear connection I, while

the components RE,T))QB , RE;n))aj , REZ;)ij are d-tensors expressed by

(m) (m) (m) (m) (m) (m)
_Mypa M pmy _ M Ny oy _ i Ny

R(m) — — = =
(1)af 518 5t 0 “Uwej Sxi Sto 7 T(wig dxd oxt

As a consequence, by direct local computations, we deduce that the torsion d-
tensor field T of the I'-linear connection V may be locally described by

Theorem 3.2 The torsion d-tensor T of the I'-linear connection V is determined by
the following local expressions:

§ 0\ _au O 5 &\ _
hrT <W§> = Losgpr T (Wﬁ) =0
5 6 (m) O
T(—,— ) = —
(6t5 ’ 5ta> Biuas oz’
5 6 6 5 6 w0
hr'T (5?) =Tojgp T (55) = Taj 5o

d 0\ _ m O
T <5:Cj’ 5ta> = Rluas Dy’
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f
hr'T (%,&i& =pi) 5?#’ ha'T (%,%) =0,
o1 (% %) - PR
hyT (%%) =0, hyT (5%5%) _ ZZ}SB)M%,
o (o) = ) 5o

9 0 (m)(a)(8) 0
UT —., e — = S . . —,
(83}% ag;a) (1) (1) (5) oz

where REZ;LB’ REm) REm) are the d-tensors from Proposition 3.1, and

w)aj’ R)ij
. . - 5u(B)  _ Au(B) _
Ths = Gog — Gha » Toy = Ly, Py = Coy » Tay = —Go
mo_ rm gm pmB) _ mB) am@@) _ Am@B) _ Am)BE)a)
o= Lg - L, Py = Co s Swom = %wom — Cwom

(m) (m)
pm @ _ Mua (e pom ) _ ONwi e
el = gpr ~ G Py = “5pr” ~ Hw

In other words, the torsion T of the I'-linear connection V is determined by twelve
effective adapted d-tensor fields that we arrange in the following table:

hr ha v
hrhr | TV, 0 R
(3.1) huha | 0 | TR | RG
i [T 0 T
w | 0 | o |Sge”
Remark 3.1 In the particular case of the Berwald I'p-linear connection associated
to the metrics hog and ¢;;, all torsion d-tensors vanish, except REZ;)a 5= —Hlaﬂx;”,
REZ;)ij = rf}lxi“ where HZB’Y (resp. rg’}l) are the curvature tensors of the metric hqp

(resp. @;j).
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4 Components of d-curvature on J(T, M)

From the general theory of linear connections, we recall that the curvature d-tensor
field associated to the I'-linear connection V is R(X,Y)Z = VxVyZ — VyVxZ—
-VixyZ, VXY, ZeX(E).

Using an adapted basis, the properties of the I'-linear connection V and of the
d-tensor R, together with the expressions of the local T- , M- horizontal and vertical
covariant derivatives attached to the I'-linear connection V, by complicated local
computations, we find

Theorem 4.1 The curvature d-tensor R of the I'-linear connection V is determined
by the following local expressions:

R(%%)&%:wa%’ (&v w)éi: s
R(%%) 5;; Raﬂ’“éfé ’ (m’(sﬁ) 5i - lﬂ’“(s [
R (%’ %) a%g - RE ))(((:))Bk 383 ’
R(%%) &ia Rif'kafﬁ ’ (52'6’56] % N 51’“55l ’

9 0\ 0 _ H0e)
R <— 5 = Lo)ns0) gt

R(ii 0 _ pie) () 9

Oxk’ oxi ) Ol @) (Dik) ggl 2
R 9 9 i:gﬁ(é)(v)i 0 0\ _ aupm 0
Oxk’ o), | ot* a(i) (k) 5¢5 02k’ 9al ) oai i) (k) 5l

whose eighteen adapted components we arrange in the table



38 M. Neagu and C. Udrigte

hr has v
hehr | Rl | R | RO
hahr | R | Bl | RO

(4.2) harhar | Rl | Riy | RS,
ohr | Pogiy | Py | oo
vha | Pyl | Py | Pl

v [ 530 | S | Sinaote

Moreover, the following expressions of the local adapted components of the curva-
ture d-tensor R hold good:

( _ 6G°, 6G‘5 _
1) _ aB ay i 8 5 6(,u m)
L Ry, = =20 = =51 4 Gl G, — Gl Gy + CUL R

_ 8G9 SLO _
§ _ “Yap  OLyy I ITaT) o(p) p(m)
2. Rhgy= <5 = 8+ Gl — LGl + OO RO,

_ SIS §L¢ _
6 _ Haj ak T I (k) p(m)
3. Rl =58 = 5ot KLl = Doy Ly + Cal B
al
(hr) 56 (v _ 9Gas sy 5(u) p(m) (7)
b Pasin = = Cattyys + Catmy Py
i oIS
() _ L%y Ay () plm) ()
5. Poy = aak ~ Cotbly + Cal Pl

6615(5) 6615(7)

6. S.50h = amkj) o, P+ O Ol — Can )
( .Gl 6G , m R(™
T. Rig, = =2 — =+ GRG.,, — GhGlL, + O RO,
8. Rlg = 6;; %f — 6;;;’“ + Gl Ly, — LiiGrp + Cf((fn) b
9. RL, = ii%j 66];%’“ + L L, = Ljp L + ) RO
(hat) 10. P;B((,Z)) = aaiéﬁ - Cffl))/g + Cfér’ﬁl) <u>23(1(5)
1. Py = aa?,f = Cighs *+ Citm Py

ac'® ac’(”
e _ Yy Yk () m(7)
12. Si(j)(k) _—(927,’3 6565 +C Cm(k) Cz(k C’m
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)(@)(7)
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Remark 4.1 In the case of the Berwald I'y-linear connection associated to the pair
of metrics (hqg, @ij), all curvature d-tensors vanish, except

R

CY

_ 79 I
Hﬂw Rijk_rijka

where Haﬁ7 (resp. r”k) are the curvature tensors of the metric hag (resp. ¢;j).

5 Ricci and Bianchi identities on J(T, M)

Let us consider an arbitrary d-vector field X on the 1-jet space E, which is locally
expressed by

5 5w 0
x=xol yxi X .
AR T G =)

Taking again into account the local form of the T'- M- horizontal and vertical
covariant derivatives of the ['-linear connection V, by a direct calculation, we obtain

Theorem 5.1 The following Ricci identities associated to the I'-linear connection V
and to the distinguished vector field X hold good:
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o « a|(m) (m)
X/B/v o X/v/ /u Bv -X | R (1) By

= R m)
X/aﬁlk_X\o’;/B_XuRgﬁk X7uTBk X\or(nTBnILc Xa|(m) (1) Bk

5= X R,

Xfy = Xfiy; = X" By — X, Tie = XO|(0) RO,
fal(l) = X°1@ s = X1Pos ) = X7,050) = X1 PObh )
Xl — X°l@),; = XHBry) - Xﬁn(’%;) X[ Bt
XRE = XD = X850 = Xl St

m)

B:XmR:n /u 5"/ XZ|(m) (1)By

X;B/v o X;v/

X = Xlys = X" Ry = X), T = X, T = X0 RO
Xy = Xy = X" Ry, = X[ TR = X RO,
ol = Xl = X™P, méui) X705 = X' lomy Ponad)
X1 = X0, = X — X[ O ~ Xl'Ei)PgnJ)(/g)V)
XU = XD = XSl = XN St
X(ahsary = Xiaysars = Xy Bloptmysr = XayuThy = X imy By
X (et = X (/s = X(( >)R<a>< mon ~ Ko Thi = X (e mT 5k~

m)
XN R (s

X(asie = Xehiulj = X((m)REa))((u)> = X T = Xl B
X (el = Xyl e = X0 Pty =~ X (ol —
~ Xl Pinac
Xyl = Xl = X Pty = XDimCitey =
- X() |E£>P<($;<15>7)
(a)|(ﬁ)| = XEIDIE = X6 Smmnim ~ X lmSmnm -

Proof. Let (Y1) and (w?), 4 € {a,i, ((C;))}, be the adapted bases of the nonlinear

connection I, and let X = XMY), be an arbitrary d-vector field on J (7, M). In this
context, using the equalities

[R(YC, YB)X] . wB -UJO = {VYCVYBX - VYB VYCX - V[YB,YC]X} - wB - (JJO,
R(Yo,Ye)Va =RipcVy, T(Ye,Yp) =Tho = {TH, —T¥; — RMg}Yuy,

Vy,wB =

—I'5cwM, VB, Yc] = RM-Yur, Vy. Y =T¥ Yy,
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where ” -7 represents the tensorial product ” ® ”, by a direct calcul, we obtain the
relations
A M A
(5.1) XB.o XC B =X RMBC XMTBCa
where ”.p” represents one from the local covariant derivatives 73", ”|;” or ”|E?))”

associated to the I'-linear connection V.
Taking into account the indices A, B, C, ... belong to set {a,1, ((?)) }, after enough
complicated computations, the identities (5.1) impliy the required Ricci identities. m

Remark 5.1 For the arbitrary vector fields X, Y, Z € X (E) and the arbitrary 1-form
w € X*(E) on JY(T, M), the relations

R(X,Y)w=-woR(X,Y),

(5.2)

RX, V) Zeow) =R(X,)Y)Z@w+ ZR(X,Y)w,
are true. These relations allow us to generalize the Ricci identities to the d-tensors set
of the 1-jet fibre bundle E. The generalization is a natural one, but the expressions
of Ricci identities become extremely complicated. For that reason, we exemplify this
generalization writing just one Ricci identity. For example, if D = (Dizj((?)((sl))) is an

arbitrary d-tensor field on E, then the following Ricci identity

Si(k)(e)... i) (e)- o ui(k)(e)... Sm(k)(2)-.. 1o

D ts/v ~ Paginysass = Paiimo) sy + Dagimt)... Bomsy T
m)(©)... (k) (1) S piiE) - pm

D Ry oy e — Dy Ry = DS wv‘

6i(k) (). p(m)(e) _ poik)(e).. no_ poik)(e)...
Do) Biwywsy = D35 Thy = Dty -y B
holds good.
;0
Now, let us consider the Liouville canonical vector field C= xf"@? on JY(T, M),

[e]3
together with the deflection d-tensors associated to the T'-linear connection V, which
are defined by the local components

~6) @ _ OB _ i (8)
Digys = Tazs > Dia); = Talj > day) = el -

By a direct calculation, we find the the following local expressions of the deflection
d-tensors:

(i) (4) &) m
Diays = ~Mig)5 + G a)(m)sT
() _ _NO 4 L00 m
(5.3) Diay; = ~Niay; + Liay(m)i®
A0 = 5168 + OO

()(5) — (e)(m) ()™
Applying the v-set of the Ricci identities to the components of the Liouville vector

field C, we obtain

Theorem 5.2 The deflection d-tensors of the I'-linear connection V satisfy the iden-
tities:
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Dys s = Dl = T Bietmsy = DuThy = Ao Biyian

Diystk = Didss = T B mar = DihuTh = D T8 = Aoy B
Diysik = Diahets = T8 B mysn = Plom T = Ao R
DRI~ =P D, O35 Y
Diyslihy = diayiirs = = <(i)>((771);<71c)) = DGty = iyt ((u);(é; g
Al — damls) = eESimmm ~ AatmSuin

At the end of this section, we point out the torsion T and the curvature R of the
[-linear connection V are not independent. They verify the general Bianchi identities

Z{X,KZ}{(VXT)(Y: Z) - R(X,Y)Z +T(T(X7Y)7Z)} = 07 VX>Y;Z € X(E)
{ Y ixvnl(VxR)(U,Y, 2) + R(T(X,Y),Z)U} =0, VX,Y,Z,U € X(E),

where {X,Y, Z} means cyclic sum.

In the adapted basis (X4) = ( 6 6 9

5t 5a Dat,
Bianchi identities attached to a I'-linear connection, that can be obtained by the

relations ” . I
{ Z{A,B,C}{RABC —Typ.c—TipTCa} =0
YanciBoapc + TisRbact =0,
where R(X 4, Xp)Xc = RgBAXD, T(Xa,Xp) =TE,Xp and ”.4” represents one of

the covariant derivatives ” ", ”|;” or ” |(a)” The large number and the complicated
form of the above Bianchi identities determined us to describe them effectively only
for h-normal T'-linear connections, which are studied in [3]. In that case, the number

of Bianchi identities reduces to thirty.

), we have sixty-four effective local

(5.4)

6 Jet prolongation of vector fields

A general vector field X* on J!(T, M) can be written under the form

0 0 (i) O
X*=Xo_— 4 X! X -
ot * oz? T a) ozt,’

where the components X, X?, X((;)) are functions of (t%,z¢, x!).
The prolongation of a vector field X on T'x M to a vector field on the 1-jet bundle
JY(T, M) was solved by Olver, using [6]

Definition 6.1 Let X be a vector field on T x M with corresponding (local) one-
parameter group exp(eX ). The 1-th prolongation of X, denoted by pr() X | is a vector
field on the 1-jet space J(T, M), which is defined as the infinitesimal generator of
the corresponding prolonged one-parameter group pr*) [exp(eX)]. In other words, we
have
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d
ds
In order to write the components of the 1-th prolongation of a vector field X on

T x M, Olver use the a-th total derivative D, of an arbitrary function f(t%, %) on
T x M, which is defined by the relation

(6.1) prV X (1%, 2t 2l) = R r exp(eX)](t*, &', 7).

of L Of

(62) Daf= ot ax’ Ta:

0 ; 0
In this direction, starting with X = X (¢, a:)@ + X*(t, m)% like a vector field
on T x M, Olver conclude the 1-th prolongation of X is the vector field

(6.3) prOX =X+ XD (8 o7 2

() ) 5ot

1
(e}
where

J _ J
oe T g Ta T \ g T ga Ta

X = DX = (Do X7 =

Xt 0X*' . <8X5 ox"h ) i
mB-
Now, let us study certain geometrical aspects for obtaining the jet prolongation
of a given vector field X on T x M.
If we assume that is given a nonlinear connection I = ( ((a)) s N ((’)) )on JY(T, M),
we deduce the a-th total derivative used by Olver can be written as

_Of L Of
(64 Dol = Gia t e
and, consequently, D, f represent the local components of the distinguished 1-form
Df = (Dof)dt® on JH(T, M).

In this geometrical context, supposing that J(T, M) is also endowed with a
[-linear connection (2.4), we may define the geometrical 1-th jet prolongation of
X as the vector field

0 0 0
1y — (@) (1
(6.5) pr >X_Xa6t—a+X6 + Y (17,07 xﬂ)a -
where 0 5 5
; . o
Yr(a) :X}Q+X"ja:fx—X/axB X‘]ZCQJTB-F
() 8 (9)
X0 (M), + Gloh + I whal) = X™ (N + Gl + Lol

Remarks 6.1 i) Taking into account the expressions of local covariant derivatives
applied to a vector field (see Remarks 1.2 ii), we conclude our geometrical 1-th jet pro-
longation coincides with that constructed by Olver. Moreover, the following relations
of conection are true:

() _ v(® () yu (2) m
(6.6) Y(a) = X( )+ M(a)uX + N(a)mX ,
where MY and N are the components of the nonlinear connection I'.

(@) (@)m
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ii) In the particular case of the Berwald I'g-linear connection associated to the
()

reduce to
@)

metrics hqos and ¢;;, the expressions of Y(

(6.7) YD = X)) + Xijal, — X)) al — X

() e — 2YjmTa X",

where 'yj’:k represent the Christoffel symbols of the metric ;.

Open problem. — Study the prolongations of vectors, 1-forms, tensors, G-structures
from T x M to J*(T, M).
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